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Longterm Outcomes of Renal Artery Involvement in
Takayasu Arteritis

Seokchan Hong, Byeongzu Ghang, Yong-Gil Kim, Chang-Keun Lee, and Bin Yoo
ABSTRACT. Objective. Takayasu arteritis (TA) involving the renal artery can result in hypertension (HTN), renal

dysfunction, and premature death. The aim of this study was to investigate the longterm outcomes
and factors that predict outcomes in patients with TA with renal artery stenosis.
Methods. The medical records of patients diagnosed with TA between January 1997 and December
2014 were reviewed retrospectively. Renal artery involvement was based on computed tomography
and/or angiography findings. Poor outcome was defined as refractory HTN, chronic renal insuffi-
ciency, or death.
Results. Of the 62 TA patients with renal artery involvement, 11 (17.7%) underwent renal artery revas-
cularization. Younger age, male sex, and more severe stenosis (> 70%) were associated with vascular
intervention. After a median followup of 90.6 months, 11 (17.7%) of the 62 patients had refractory
HTN and 6 (9.7%) had chronic renal insufficiency. Renal insufficiency [5/15 (33.3%) vs 3/47 (6.4%),
p = 0.016] and bilateral involvement [12/15 (80.0%) vs 23/47 (48.9%), p = 0.041] were significantly
more frequent in patients with poor than good outcomes. Multivariate Cox analysis revealed that renal
insufficiency at presentation (HR 13.778, 95% CI 3.530–53.786, p < 0.001) and bilateral renal artery
involvement (HR 5.053, 95% CI 1.179–21.661, p = 0.029) were significant risk factors for poor
outcomes at followup, but performance of revascularization procedure was not (HR 0.663, 95% CI
0.176–2.498, p = 0.543).
Conclusion. Bilateral lesions and renal functional impairment at presentation, but not implementation
of revascularization procedures, were significant factors for outcomes in TA patients with renal artery
involvement. (First Release February 15 2017; J Rheumatol 2017;44:466–72; doi:10.3899/
jrheum.160974)
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Takayasu arteritis (TA) is a chronic, large vessel vasculitis
that primarily affects the aorta and its main branches,
including the renal artery1,2. TA typically occurs in young
women, resulting in substantial morbidity and mortality
related to involvement of the major vessels1,2,3. Chronic
inflammation in the vessel wall can lead to stenosis or
occlusion, eventually causing tissue ischemia and organ
damage. Up to 60% of patients with TA have renal artery

involvement, often resulting in refractory hypertension
(HTN) and impaired renal function4,5,6.

Revascularization procedures, including balloon angio-
plasty with or without stenting, are often used for the
treatment of steno-occlusive lesions6,7,8. However, previous
studies on vascular interventions in patients with TA have
shown inconsistent results, ranging from a high risk of
restenosis to good longterm efficacy and patency, although
open revascularization resulted in superior patency rates
compared with endovascular intervention4,6,9,10,11. Further,
relatively little is known about longterm clinical outcomes,
such as chronic renal insufficiency and death, in TA patients
with renal artery stenosis. Moreover, previous studies
included only patients who underwent vascular inter-
vention5,9,10,11. Therefore, outcomes in patients with
TA-associated renal artery stenosis have not been evaluated
independent of revascularization procedures. Further, it
should be considered that stenotic lesions in TA may be
resolved after treatment with immunosuppressants, even
without vascular intervention12,13,14.

Therefore, our study analyzed longterm outcomes and
clinical variables associated with poor outcomes (e.g.,
refractory HTN, chronic renal insufficiency, or death) in all
patients with TA-associated renal artery involvement,
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regardless of whether they underwent revascularization
procedures.

MATERIALS AND METHODS
The medical records of patients who were diagnosed with TA at a tertiary
referral hospital in Seoul, South Korea, between January 1997 and December
2014 were retrospectively reviewed. All patients fulfilled the 1990 revised
American College of Rheumatology criteria for the classification of TA15,
except age of onset < 40 years because delayed diagnosis of TA was
common. Patients were excluded from the analysis if imaging evaluation of
renal artery involvement was not available. All patients underwent an aortic
computed tomography (CT) scan and/or conventional angiography at the
time of TA diagnosis. Clinical features, including vascular manifestations
(e.g., limb claudication, decreased pulse, asymmetric blood pressure, and
vascular bruit), were recorded, as were laboratory findings such as
erythrocyte sedimentation rate (ESR), C-reactive protein, and creatinine
concentrations. Estimated glomerular filtration rate (eGFR) was calculated
using the chronic kidney disease epidemiology collaboration equation16.
Renal insufficiency was defined as an eGFR < 60 ml/min. The performance
of revascularization procedures, including percutaneous renal artery stenting,
was also assessed. Poor outcomes at followup were defined as chronic renal
insufficiency, refractory HTN, and/or death. Refractory HTN was defined
as blood pressure > 140/90 mm Hg, despite use of maximal doses of at least
2 antihypertensive drugs. The severity of renal artery stenosis in each patient
was categorized as < 50%, 50%–70%, or > 70%.

Continuous variables were compared using the Student t test and
categorical variables by Fisher’s exact test. Variables expressed as median
with interquartile range (IQR) range were compared by the Mann-Whitney
U test. Potential risk factors for poor outcomes were evaluated by univariate
analysis, and those factors with p values < 0.20 were included in a multi-
variable Cox regression analysis with a stepwise elimination process. Results
were expressed as HR with 95% CI. All statistical analyses were performed
using SPSS software (version 21.0; SPSS Inc.), with a p value < 0.05
considered statistically significant.

This study was approved by the Institutional Review Board of the Asan
Medical Center, Seoul, South Korea (IRB No.: 2016-0547).

RESULTS
Clinical characteristics of the study subjects. In total, 246
patients with TA were identified between 1997 and 2014, and
all patients were classified according to the angiographic
classification, which is based on the distribution of major
vessel involvement of TA17. Type V (117 patients, 47.6%)
was the most common pattern, and the other types were as
follows: Type I (62, 25.2%), Type IIa (21, 8.5%), Type IIb
(29, 11.8%), Type III (9, 3.7%), and Type IV (8, 3.3%).
Among the total patients, 62 (25.2%) were identified as
having renal artery involvement. The clinical characteristics
of these patients at the time of diagnosis are shown in 
Table 1. Mean age was 39.6 ± 14.5 years, and 53 patients
(85.5%) were women. At initial presentation, their mean
creatinine concentration was 0.83 ± 0.21 mg/dl, and 8
(12.9%) showed impairment of renal function. Symptoms of
vascular insufficiency such as claudication, decreased pulse,
and asymmetric blood pressure were documented in 22
(35.5%), 50 (80.6%), and 52 patients (83.9%), respectively.
Severe stenosis, defined as > 70% stenosis, was found in 26
patients (41.9%). Of the 62 patients, 11 (17.7%) with renal
artery involvement underwent revascularization procedures,

including percutaneous angioplasty alone (n = 6), with a stent
(n = 3), or with open surgery (n = 2).

The clinical characteristics of patients who did or did not
undergo revascularization procedures are shown in Table 1.
Patients who underwent vascular intervention were younger
(28.2 ± 10.1 yrs vs 42.1 ± 14.2 yrs, p = 0.003) and were more
likely men [5/11 (45.5%) vs 4/51 (7.8%), p = 0.006].
Although serum creatinine concentrations were slightly
higher in patients who did compared to those who did not
undergo revascularization, eGFR values and the percentage
of patients with renal function impairment did not differ
significantly. The proportion of patients with HTN and/or
diabetes mellitus was similar in the revascularization and
non-revascularization groups. Severe stenosis of the renal
artery was significantly more frequent in patients with than
without vascular intervention [11/11 (100.0%) vs 15/51
(29.4%), p < 0.001]. Treatment with calcium-channel
blockers [10/11 (90.9%) vs 28/51 (54.9%), p = 0.039] and
aspirin [9/11 (81.8%) vs 22/51 (43.1%), p = 0.020] was
significantly more frequent in revascularized than in
non-revascularized patients. However, treatments with
immunosuppressants, including corticosteroid, and warfarin
were similar in the 2 groups at baseline, which was before or
shortly after vascular intervention.
Clinical outcomes of TA patients with renal artery
involvement. Median followup duration after diagnosis of TA
was 90.6 months (IQR 45.7–143.9 mos). Of the total 62
patients, 11 (17.7%) developed refractory HTN despite
treatment with antihypertensive drugs and 6 (9.7%)
developed chronic renal insufficiency. Of the 6 patients with
chronic renal insufficiency, eGFR values were 40.13 (± 8.45)
ml/min, but none of them need permanent dialysis. Followup
duration was significantly longer in patients with than
without revascularization (124.9 mos, IQR 94.1–160.5 mos
vs 85.9 mos, IQR 37.6–137.7 mos, p = 0.037; Table 2).
During followup, 2 patients died, both of heart failure.
However, the development of refractory HTN, chronic renal
insufficiency, or death did not differ between groups of
patients regardless of vascular intervention. In addition,
outcomes did not differ significantly in patients treated with
angioplasty alone (n = 6) and with angioplasty followed by
stent insertion (n = 3; Table 3). When comparing outcomes
before intervention to those at the end of followup in patients
who underwent vascular intervention, there was no signifi-
cant difference, including the frequency of refractory HTN
and chronic renal insufficiency (data not shown).

Followup images (median 80.7 mos, IQR 49.6–153.3
mos) were available for 9 of the 11 patients with revascular-
ization procedures. Good primary patency in the revascu-
larized vessels was observed in 6/9 patients (66.7%), but
restenosis was detected in 3 patients, including 1 patient who
required open surgery for revascularization. Interestingly, all
these patients (n = 3) who developed restenosis had
undergone angioplasty with stent insertion. We did not,
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Table 1. Baseline characteristics of the 62 Takayasu arteritis patients with renal artery involvement. Values are n (%) or mean ± SD unless otherwise specified.

Characteristics Total, n = 62 Without Revascularization, n = 51 With Revascularization, n = 11 p

Age at diagnosis, yrs 39.6 ± 14.5 42.1 ± 14.2 28.2 ± 10.1 0.003
Age > 35 yrs 35 (56.5) 33 (64.7) 2 (18.2) 0.007
Male/female, n 9/53 4/47 5/6 0.006
Delay in diagnosis, > 1 yr 31 (50.0) 23 (45.1) 8 (72.7) 0.096
ESR, mm/h 34.92 ± 30.75 35.18 ± 31.74 33.73 ± 26.99 0.889
CRP, mg/dl 1.16 ± 2.26 1.25 ± 2.43 0.72 ± 1.02 0.506
Creatinine, mg/dl 0.83 ± 0.21 0.80 ± 0.18 0.95 ± 0.31 0.037
Estimated GFR, ml/min 100.11 ± 37.46 100.00 ± 36.96 100.62 ± 41.57 0.961
Renal function impairment 8 (12.9) 7 (13.7) 1 (9.1) 1.000
HTN 44 (71.0) 34 (66.7) 10 (90.9) 0.152
Refractory HTN 6 (9.7) 5 (9.8) 1 (9.1) 1.000
Diabetes 3 (4.8) 3 (5.9) 0 (0.0) 1.000
Dyslipidemia 9 (14.5) 8 (15.7) 1 (9.1) 1.000
Limb claudication 22 (35.5) 21 (41.2) 1 (9.1) 0.079
Decreased pulse 50 (80.6) 42 (82.4) 8 (72.7) 0.432
Asymmetric blood pressure 52 (83.9) 44 (86.3) 8 (72.7) 0.363
Vascular bruit 19 (30.6) 14 (27.5) 5 (45.5) 0.288
Bilateral involvement 35 (56.5) 27 (52.9) 8 (72.7) 0.321
Severity of stenosis

< 50% 24 (38.7) 24 (47.1) 0 (0.0)
50%–70% 12 (19.4) 12 (23.5) 0 (0.0)
> 70% 26 (41.9) 15 (29.4) 11 (100.0) < 0.001

Classification17
Type III 1 (1.6) 0 1
Type IV 4 (6.5) 0 4
Type V 57 (91.9) 51 6 < 0.001

Antihypertensive drug
Any 44 (71.0) 34 (66.7) 10 (90.9) 0.152
ACE inhibitor or ARB 17 (27.4) 15 (29.4) 2 (18.2) 0.712
Β blocker 17 (27.4) 14 (27.5) 3 (27.3) 1.000
CCB 38 (61.3) 28 (54.9) 10 (90.9) 0.039
Numbers 1.18 ± 0.97 1.1 ± 1.0 1.5 ± 0.8 0.298

Antiplatelet drug
Any 38 (61.3) 29 (56.9) 9 (81.8) 0.178
Aspirin 31 (50.0) 22 (43.1) 9 (81.8) 0.020

Cholesterol-lowering drug 34 (54.8) 30 (58.8) 4 (36.4) 0.200
Warfarin 12 (19.4) 11 (21.6) 1 (9.1) 0.675
Corticosteroid 28 (45.2) 23 (45.1) 5 (45.5) 1.000
Immunosuppressant 31 (50.0) 27 (52.9) 4 (36.4) 0.319
Revascularization 11 (17.7) 34 (66.7) 10 (90.9) 0.152

Angioplasty 9 (14.5) 15 (29.4) 2 (18.2) 0.712
Surgery 2 (3.2) 14 (27.5) 3 (27.3) 1.000

Significant data are in bold face. ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; GFR: glomerular filtration rate; HTN: hypertension; ACE:
angiotensin-converting enzyme; ARB: angiotensin receptor blocker; CCB: calcium channel blocker.

Table 2. Outcomes of Takayasu arteritis patients with and without revascularization. P values were generated by
the Mann-Whitney U test or the chi-square test, as appropriate. Values are n (%) unless otherwise specified.

Variables Without Revascularization, With Revascularization, p
n = 51 n = 11

Followup duration, mo, median (IQR) 85.9 (37.6–137.7) 124.9 (94.1–160.5) 0.037
Refractory HTN† 8 (15.7) 3 (27.3) 0.394
Chronic renal insufficiency‡ 6 (11.8) 0 (0.0) 0.580
Death§ 1 (2.0) 1 (9.1) 0.326

Significant data are in bold face. † Refractory HTN was defined as blood pressure > 140/90 mm Hg, despite use
of maximal doses of at least 2 antihypertensive drugs. ‡ Defined as an estimated glomerular filtration rate < 60
ml/min. § Causes of death: heart failure (n = 2). IQR: interquartile range; HTN: hypertension.
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however, detect significant difference in primary patency rate
between patients with open surgery and those with endovas-
cular intervention, although there was a trend toward
reduction in risk of restenosis after open surgical intervention
(p = 0.541; Appendix 1).
Factors related to poor outcome in TA patients with renal
artery involvement. Finally, we performed analysis to identify
factors associated with longterm outcome in TA-associated
renal artery stenosis. Patients were divided into 2 groups:
those with poor outcome (refractory HTN, chronic renal
insufficiency, or death at last followup) and those with better
outcome (Table 4). Factors associated with poor outcomes
were identified by comparing the baseline characteristics of
patients with and without poor outcomes. Univariate analysis
showed no significant differences in baseline clinical charac-
teristics, such as age and sex, between the 2 groups. However,
renal insufficiency and HTN at diagnosis were more common
in patients with than without poor outcomes. Bilateral
involvement [12/15 (80.0%) vs 23/47 (48.9%), p = 0.041]
and use of antihypertensive drugs, including β blockers and
calcium channel blockers, were significantly more frequent
in patients with poor than with favorable outcomes. Multi-
variate analysis using Cox proportional hazards models was
performed to determine which baseline clinical variables,
including vascular intervention, were independent significant
factors for poor outcome in TA with renal artery involvement.
Potential factors such as HTN at presentation and use of
antihypertensive drugs were excluded during the backward
stepwise process. Further, revascularization procedure was
not significantly associated with longterm outcome in
patients with renal artery stenosis. However, renal insuffi-
ciency at presentation (HR 13.778, 95% CI 3.530–53.786, 
p < 0.001) and bilateral involvement (HR 5.053, 95% CI
1.179–21.661, p = 0.029) were significantly associated with
an increased risk of poor outcome at the last followup visit
(Table 5). Kaplan-Meier analysis showed that patients with
renal dysfunction at initial presentation had a significantly
higher probability of having poor outcomes at followup 
(p < 0.001; Figure 1).

DISCUSSION
Renal artery involvement, which is observed in some patients
with TA, can lead to renal impairment and refractory renovas-
cular HTN. Our present study was designed to identify
clinical factors related to longterm outcomes in patients with
renal stenosis of TA. Interestingly, vascular intervention was
not associated with outcomes. Revascularization procedures,
however, were performed more frequently in patients with
severe stenosis, and thus need to be taken into consideration
in the interpretation of the results. Rather, severe disease at
presentation, manifested by renal function impairment and
bilateral involvement, was significantly and independently
associated with poor outcome.

Renal artery stenosis or occlusion is one of the major
manifestations of vascular involvement in TA. The devel-
opment of renovascular HTN is induced by various signals
associated with reduced renal perfusion. These signals
include the activation of the renin–angiotensin system,
oxidative stress, and sympathoadrenergic responses18.
Sustained reduction in perfusion leads to ischemia and renal
function disturbance, and may result in premature death.
Given that TA-associated renal artery stenosis can often result
in refractory HTN and renal failure, awareness of a possible
risk factor for poor outcomes could be important in the
clinical setting (Table 4 and Table 5). Relative to unilateral
stenosis, bilateral renal artery stenosis was associated with a
higher incidence of cardiovascular complications, including
congestive heart failure19. Indeed, 2 deaths during our present
study were caused by congestive heart failure and both
patients had bilateral renal artery stenosis. Because arterial
stenosis in TA is frequently bilateral, it is noteworthy that
bilateral renal artery stenosis was significantly associated
with poor outcome (Table 5).

Several methods have been attempted to relieve vascular
stenosis, in particular atherosclerotic renal artery
stenosis20,21,22. To date, however, revascularization proce-
dures in patients with atherosclerotic renovascular disease
have not had any benefits in controlling HTN, or on renal
function, heart failure, or mortality23,24. Further, although
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Table 3.Outcomes of patients with Takayasu arteritis who underwent angioplasty with and without stent insertion.
P values were generated by the Mann-Whitney U test or the chi-square test, as appropriate. Values are n (%) unless
otherwise specified.

Variables Without Stent Insertion, With Stent Insertion, p
n = 6 n = 3

Followup duration, mos, median (IQR) 118.9 (94.1–134.5) 101.6 (92.9–192.1) 1.000
Refractory HTN† 1 (16.7) 2 (66.7) 0.226
Chronic renal insufficiency‡ 0 (0.0) 0 (0.0) 0.580
Death§ 0 (0.0) 1 (33.3) 0.333

† Refractory HTN was defined as blood pressure > 140/90 mm Hg, despite use of maximal doses of at least 2
antihypertensive drugs. ‡ Defined as an estimated glomerular filtration rate < 60 ml/min. § Cause of death: heart
failure (n = 1). IQR: interquartile range; HTN: hypertension.
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revascularization procedures, including percutaneous trans-
luminal angioplasty, have often been performed in patients
with TA-associated renal artery stenosis, their effects on
longterm clinical outcomes remain unknown in TA. Vascular
intervention has been suggested for patients with refractory
HTN caused by renal artery stenosis25,26. Indeed, surgical
revascularization for TA-related renal artery stenosis showed
beneficial effects on the clinical outcomes, including control
of blood pressure11,27. However, proper indications for revas-
cularization procedures remain unclear because little is known

about the prognosis of TA patients with renal artery stenosis
who do not undergo vascular intervention. Interestingly, in our
present study, we found that revascularization was not a
significant independent factor affecting longterm outcome
(Table 5). Additional controlled studies are required to
determine the effects of more intensive treatment, including
vascular intervention and/or immunosuppressive therapy, in
particular in patients with bilateral renal artery involvement.

Renal artery revascularization procedures include
endovascular intervention and surgical bypass. In previous

470 The Journal of Rheumatology 2017; 44:4; doi:10.3899/jrheum.160974

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2017. All rights reserved.

Table 4. Univariate analyses of factors associated with poor outcomes (chronic renal insufficiency, refractory
HTN, and/or death) in patients with Takayasu arteritis. Values are n (%) unless otherwise specified. 

Variables Patients without Patients with
Poor Outcome*, n = 47 Poor Outcome*, n = 15 p

Age > 35 yrs 26 (55.3) 9 (60) 0.750
Male/female, n 7/40 2/13 1.000
Delay in diagnosis, > 1 yr 22 (46.8) 9 (60) 0.554
Elevated ESR at presentation† 28 (59.6) 9 (60) 0.977
Elevated CRP at presentation‡ 15 (31.9) 2 (13.3) 0.314
Renal insufficiency at presentation§ 3 (6.4) 5 (33.3) 0.016
HTN at presentation 30 (63.8) 14 (93.3) 0.047
Diabetes at presentation 2 (4.3) 1 (6.7) 1.000
Dyslipidemia at presentation 6 (12.8) 3 (20.0) 0.674
Limb claudication 15 (31.9) 7 (46.7) 0.359
Decreased pulse 35 (74.5) 15 (100.0) 0.029
Asymmetric blood pressure 39 (83.0) 13 (86.7) 1.000
Vascular bruit 14 (29.8) 5 (33.3) 1.000
Bilateral involvement 23 (48.9) 12 (80.0) 0.041
Severity > 70% 17 (36.2) 9 (60.0) 0.137
Antihypertensive drug

Any 30 (63.8) 14 (93.3) 0.047
ACE inhibitor or ARB 10 (21.3) 7 (46.7) 0.094
B blocker 9 (19.1) 8 (53.3) 0.018
Calcium-channel blocker 24 (51.1) 14 (93.3) 0.005

Antiplatelet drug
Any 29 (61.7) 9 (60.0) 1.000
Aspirin 22 (46.8) 9 (60.0) 0.554

Cholesterol-lowering drug 26 (55.3) 8 (53.3) 1.000
Warfarin 8 (17.0) 4 (26.7) 0.461
Corticosteroid 31 (66.0) 7 (46.7) 0.363
Immunosuppressant 30 (63.8) 6 (40.0) 0.228
Revascularization 7 (14.9) 4 (26.7) 0.437

Significant data are in bold face. * Poor outcome was defined as the composite of chronic renal insufficiency,
refractory HTN, and/or death. † Defined as ESR > 9 mm/h in men, > 20 mm/h in women. ‡ Defined as CRP > 0.6
mg/dl. § Defined as an estimated glomerular filtration rate < 60 ml/min. HTN: hypertension; ESR: erythrocyte
sedimentation rate; CRP: C-reactive protein; ACE: angiotensin-converting enzyme; ARB: angiotensin receptor
blocker.

Table 5. Multivariate analysis of clinical factors predictive of poor outcome in patients with Takayasu arteritis
with renal artery involvement.

Variables HR 95% CI p

Renal impairment at presentation* 13.778 3.530–53.786 < 0.001
Bilateral involvement 5.053 1.179–21.661 0.029
Revascularization 0.663 0.176–2.498 0.543

Significant data are in bold face. * Defined as an estimated glomerular filtration rate < 60 ml/min. 
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retrospective analyses, surgical procedures showed better
results in the risk of restenosis compared with endovascular
interventions11,28. However, other studies have shown that
endovascular treatments were generally effective in control-
ling HTN with good 5-year patency rates ranging from 67%
to 79%5,6,7. Moreover, patients with TA treated with angio-
plasty were found to have a significantly lower rate of
restenosis in stenotic lesions than those treated with stent
placement, indicating differences in endovascular manage-
ment9,10. Our present study showed no significant differences
in poor outcome rates between angioplasty and stent
insertion. Because stent implantation resulted in lower
restenosis rates in patients with atherosclerotic renal artery
stenosis29, further studies are required to determine the
optimal revascularization method for patients with TA-related
renal artery stenosis.

Because active vascular inflammation could be associated
with a higher rate of complications after revascularization,
administration of immunosuppressive drugs appears 
to be helpful in the treatment of TA-related vascular
stenosis27,28,30. In our present study, however, the risk of poor
outcome was not related to inflammatory status (e.g.,
elevated ESR) or use of immunosuppressants. About half of
the patients in our present study cohort had a delayed
diagnosis (> 1 yr), and thus were older (> 35 yrs; Table 1).
These findings suggest that chronic vascular lesions observed
in patients with delayed diagnosis are less responsive to
immunosuppressive agents.

Our present study had several limitations. Because this
study was retrospective in design and without a control group,
treatment strategies were not randomized. Indeed, revascular-
ization procedures were more frequently performed in patients
with more severe disease, defined as the degree of renal artery
stenosis. Thus, we cannot fully exclude the possibility that the
effects of vascular intervention were underestimated by differ-
ences in severity. Second, the numbers of patients in our
present study were small, particularly of those undergoing
revascularization. Therefore, it was difficult to be certain
about the effectiveness of the specific procedures in TA.

Our current study showed that revascularization proce-
dures were more frequently performed in more severe
stenosis of the renal artery. Bilateral lesions and renal
functional impairment at presentation were significantly
predictive of poor outcomes. These findings suggest that TA
patients with bilateral stenosis and renal dysfunction at initial
presentation may require more intensive management
including revascularization procedures.
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APPENDIX 1. Kaplan-Meier analysis for comparison of primary patency
between surgical intervention and endovascular intervention (p = 0.541).
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